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[57] ABSTRACT 
Resurfacing surfaces of highways, roads, etc. to provide 
skid-resistant surface by preparing polymer concrete 
composition containing a curable polymer composition 
containing ethylenically unsaturated polymer having 
carbon-bonded carboxyl groups and/or hydroxyl 
groups and at least one reactive thickener comprising 
Group IIA metal oxide or hydroxide or a polyisocya 
nate; mixing the resulting mixture with aggregate; coat 
ing said surface with the resulting composition; com 
pacting and shaping the resulting composition and cur 
ing the compacted, shaped composition on said surface. 
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TME DELAYED THICKENING 
SLUMP-RESIST ANT POLYMER CONCRETE 
COMPOSITION, METHODS OF REPAIRING 

CONCRETE SURFACES, CONCRETE 
STRUCTURES REPAIRED THEREWITH AND 

ARTICLES OF CONSTRUCTION COMPRISING A 
FORMED MASS OF SAID COMPOSITIONS IN 

CURED CONDITION 

This application is a continuation of prior U.S. appli 
cation Ser. No. 689,731 ?ling date Apr. 24, 1991 which 
is a continuation of application Ser. No. 538,697 filing 
date Jun. 18, 1990 which is a continuation of application 
Ser. No. 408,953 ?ling date Sep. 18, 1989 and which is 
a continuation of Ser. No. 220,963, filed Jun. 16, 1988, 
and which is a continuation of Ser. No. 941,073, ?led 
Dec. 12, 1986, all abandoned. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to polymer concrete composi 

tions and methods for repairing or resurfacing concrete 
surfaces, such as, roads, bridges, decks, runways, etc., 
and, more particularly, is directed to slump-resistant, 
curable polymer concrete compositions suitable for 
rolling onto a concrete surface to resurface it and to 
methods for applying a polymer concrete surface to 
concrete surfaces of roadways, runways, sidewalks, 
floorings, roof decks, water tanks, reservoirs, swimming 
pools, retaining ponds, dams, median barriers, bridges, 
buildings and other concrete structures. 

2. Prior Art 
The sealing of deteriorated concrete or asphalt-con 

crete or latex-concrete road surfaces, pavements, bridge 
decks, malls, garage decks, airport runways and ramps, 
etc., and the provision of a new durable wear surface 
cannot be readily accomplished through the use of con 
ventional paving materials such as concrete, latex-con 
crete or asphaltic-concrete. Various synthetic resin 
systems have been evaluated as sealers and as binders 
for wear courses in attempting to resolve this problem. 
Epoxy resins, acrylic resins, urethanes and modified 
urethanes and unsaturated polyester resins have been 
investigated under a variety of conditions with limited 
success. 

Work on developing suitable polymer concrete type 
material for paving roads and bridges has been continu 
ing for over 25 years. A paper by N. S. Estrada entitled 
“Paving of Roads and Bridges With Unsaturated Polyes 
ters” (Section 20-F, pages 1-10) was presented before 
the 25th Annual Technical Conference, Reinforced 
Plastics/ Composites Division of The Society of Plastics 
Industry, Inc. in 1970 and dealt with a review of work 
done and the shortcomings of the approach used. This 
work covered “broadcasting” sand over liquid resin 
applied to highways and bridges. Illustrative prior art 
polymer concrete compositions are also described in 
US. Pat. Nos. 3,575,785; 4,375,489 and 4,400,413 and 
the references cited therein. They comprise a resin or 
polymer, e.g., a vinyl ester resin (US Pat. No. 
4,375,489) or an acrylate resin (U .5. Pat. No. 4,400,413), 
an inert particulate material, e. g., sand or aggregate, and 
a curing agent. 
A limiting characteristic of the prior art systems is the 

tendency of the polymers or resins or components 
thereof, e.g., unsaturated polyester and unsaturated 
monomer such as styrene, to run off the surface being 
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2 
coated, to run downgrade on a sloped surface, and/or 
to separate from the aggregate, e.g., sand, which is a 
necessary component of polymer concrete composi 
tions. Because of their loose, runny characteristics, the 
prior art polymer concrete materials cannot be trucked 
and must be prepared on-site, i.e., the lane adjacent to 
the lane being resurfaced must be used for the mixing 
and metering equipment and supply vehicles which are 
on the move to keep up with the paver. As a conse 
quence, for each lane being resurfaced, two lanes are 
taken out of service, the one being resurfaced and the 
one next to it. In order to resurface one lane of a two 
lane highway with polymer concrete, the entire high 
way would have to be taken out of service, which in the 
usual case in unacceptable. In resurfacing a single lane 
of a busy multiple lane highway, the loss of two lanes 
for even short periods results in traffic tie-ups and con 
sequent hazardous conditions. Also, it has been esti 
mated that 25% of the cost of highway work is devoted 
solely to traffic control devices and procedures, so that 
the less traffic that needs to be diverted, the lower will 
be the cost of the resurfacing job. The polymer concrete 
compositions of this invention, on the other hand, can 
be prepared in a convenient off-site location and 
trucked with essentially no leakage to the lane being 
repaired, avoiding the need to take any additional lanes 
out of service, and, thus, closely resemble the systems 
currently used to lay down asphalt wherein only the 
lane being resurfaced need be closed to traffic. 
Attempts to adjust the rheology of the prior art sys 

tems, for example, by adding a material that increases 
the viscosity and thereby retards or eliminates run-off 
or separation are not successful. US. Pat. No. 4,400,413 
(Col. 6, lines 55-58) teaches the addition of thickening 
or rheological control agents. But, the addition of such 
agents to the polymer concrete composition presents 
the additional problem of making extremely difficult, or 
preventing, the uniform distribution of the components 
throughout the polymer concrete composition and/or 
the adequate wetting out of 'the aggregate with the 
curable polymer or resin essential for bonding the ag 
gregate together and to the surface being repaired. If 
the viscosity increasing agent is added to the polymer 
catalyst mix, before mixing with aggregate, it is ex 
tremely difficult, if not impossible, because of the result 
ing increase in viscosity, to suitably wet-out the aggre 
gate. Prolonged mixing is ruled out if the system is 
active because of the presence of the curing catalyst. If 
the curing catalyst is added last, the increased viscosity 
of the system caused by the presence of the viscosity 
increasing agent prevents uniform distribution of the 
catalyst and results in an uneven cure such that those 
portions of the composition containing little or no cata 
lyst cure too slowly or not at all and those portions 
containing too much catalyst cure prematurely. Non 
uniform distribution of the components of the polymer 
concrete composition renders it extremely difficult or 
impossible to control the timing of the steps in prepar 
ing the mix and applying it to the surface being repaired 
and obviously results in a coating having non-uniform 
physical strength properties which is unacceptable from 
a structural standpoint. 

It is well known in the sheet molding compound 
(SMC) prior art and the bulk molding compound 
(BMC) prior art to provide molding compounds having 
time-delayed thickening action by the use of Group IIA 
metal oxides or hydroxides or polyisocyanates. How 
ever, none of these compositions are suitable for use as 



5,242,708 
3 

slump-resistant, curable polymer concrete composition 
suitable for coating or rolling onto a concrete surface to 
resurface same and none of previously known SMC or 
BMC compositions contain aggregate, e.g., crushed 
stone, gravel or sand, which is necessary for providing 
the strength, traction, wearability and weatherability 
required for resurfaced concrete surfaces‘. 
None of the prior art identi?ed above and no prior art 

is known which teaches the use of a delayed thickening 
system such that the components of a polymer concrete 
composition containing aggregate can be readily and 
uniformly mixed and the aggregate can be wetted out 
by the curable polymer at relatively low viscosities yet 
thicken at a predetermined time after or during applica 
tion to a concrete surface to provide a low or no slump, 
low odor system which can be easily worked and 
shaped, such as by troweling, spreading, rolling, etc., 
and which does not result in the curable polymer run 
ning off the surface being repaired, running downgrade 
on a sloped surface, or separating from the aggregate. 

SUMMARY OF THE INVENTION 

This invention covers low- or no-slump polymer 
concrete compositions or other polymer aggregate 
compositions that can be handled like asphalt, blacktop 
and macadam products. The polymer concrete compo 
sitions of this invention are time-delay thickened or 
co-reacted polymer concrete compositions and can be 
controlled in a putty, plastic-like condition and applied 
utilizing the same equipment as presently used. That is, 
they can be laid down as bases, overlays or patches by 
dumping the mix in a predetermined thickened consis 
tency to the surface of a previously shot-blasted, 
scarfed, sand-blasted and cleaned road, pavement, pot 
hole, bridge deck, drive, runway, ramp, mall, etc., 
which was previously sealed with a primer such as a 
specially formulated 100% reactive sealer containing an 
unsaturated polyester, modi?ed polyester and/or modi 
?ed unsaturated polymer. The thickened, advanced, 
B-staged or co-reacted pre-catalyzed, natural or precol 
ored polymer overlay composition of this invention is 
then rolled by roller under presssure to the precondi 
tioned base surface in the same nianner as asphalt, black 
top or macadam. Other mechanized ways of applying 
the overlay presently utilized can be modi?ed and used. 
This invention also provides cements, mortars, grouts, 
patching compounds, coating, putties and sealants. 
These overlays or polymer type surfaces can be cured 
by room temperature catalysts, high temperature cata 
lysts, alone or in conjunction with ultra violet activa 
tion, electrical DC/AC resistance heating, external 
heat, solar heat, pressure, pressure/heat/accelerators 
and other type polymerization promoting sources such 
as micro-wave, photosensitizers, infra-red, electron 
beam (EB) and radio-frequency. 
The concept of this invention providing thickenable 

polymer concrete compositions or polymer aggregate 
compositions can utilize almost all reactive saturated 
and unsaturated polymers including copolymers, homo 
polymers, terpolymers and alloys or blends. This con 
cept covers all suitable combinations of reactive mono 
mers, including difunctional monomers, trifunctional 
monomers, multifunctional monomer alone or in combi 
nation with the base resins or combinations of base 
resins hereinafter described. The main theme of this 
invention is the provision of a time-delayed thickening 
system that advances the viscosity (not the cure) of the 
composition with time in a'controllable manner. 
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The time-delayed thickening systems of this inven 

tion provide low viscosities in the early stages to facili 
tate uniform mixing of all components and advance the 
viscosity of the systems to provide polymer concrete 
compositions in which all the components are uni 
formly distributed throughout the compositions, and 
the aggregate, e.g., sand, is adequately wetted out, to 
provide a non-?owing or semi-solid consistency in a 
controllable time period. The thickened, non-flowing or 
semi-solid material then can be placed and formed into 
the desired con?guration by means of a screen and 
roller, a slip-form paver or other suitable equipment. 
The polymer concrete compositions of this invention, 
after mixing, can be rapidly and controllably thickened 
or advanced in viscosity to a low slump or zero slump 
consistency before the polymer concrete composition 
cures or is cured to a thermoset state. The thickening 
time, counting from the time of mixing, can be con 
trolled to be less than one minute up to two hours or 
longer, although thickening times of about 30 minutes 
to 120 minutes are preferred. 
The unique properties of the polymer concrete com 

positions of this invention are of great value in the resur 
facing of heavily traveled highways because they can be 
prepared at a relatively stationary, off-site location and 
trucked without substantial leakage to the locations 
where the highway is being resurfaced. Preparation of 
the polymer concrete compositions at a stationary, off 
site location has many advantages, not the least of 
which is the ability to more closely monitor and control 
the properties and quality of the compositions. Addi 
tionally, it is not necessary to tie up a second traffic lane 
which reduces potentially hazardous driver frustrations 
and reduces the need for special traf?c control devices, 
personnel and procedures. The thickening time, gelling 
time and curing time of the novel compositions can be 
adjusted to accommodate the travel time from the off 
site preparation center to the job-site on the highway so 
that the compositions are coalescent but friable and 
substantially ungelled and uncured from the time they 
are loaded onto the truck through the time they are 
dumped into the paver and spread on the road surface. 
The novel compositions can be fed to a two-lane paver 
in sufficient quantities that two lanes of highway can be 
resurfaced at the same time. 
Another important advantage of off-site, i.e., off 

highway, preparation is the ability to better control 
fumes and odors such as styrene vapors during prepara 
tion. Once thickened, the novel polymer concrete com 
positions are much less odorous. 

DESCRIPTION OF THE INVENTION 

The slump-resistant, curable polymer compositions of 
this invention comprise a mixture of: 

(a) 5 to 95 wt. % of an aggregate at least 20% of the 
particles of which have a minimum dimension of l/16 
inchv or greater, 

(b) 5 to 95 wt. % of a curable polymer composition 
containing an ethylenically unsaturated polymer con 
taining carbon, hydrogen and oxygen in the molecule 
and carbon-bonded carboxyl groups or carbon-bonded 
hydroxyl groups or both in the molecule, 

(c) an effective amount of a curing catalyst effective 
to initiate the curing of said polymer, and 

(d) at least one reactive, time-delay thickener com 
prising (l) a Group IIA metal oxide or hydroxide in the 
amount of 0.1 to 20 equivalents per carbon-bonded 
carboxyl group of said polymer, said Group IIA metal 
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oxide or hydroxide being reactive with said carboxyl 
groups of said polymer to thicken said polymer con 
crete composition and/or (2) a polyisocyanate in the 
amount of 0.1 to 10 equivalents per carbon-bonded 
hydroxyl group of said polymer, said polysiocyanate 
being reactive with said hydroxyl groups of said poly 
mer to thicken said polymer concrete composition. 
FIG. 1 is a schematic drawing illustrating the applica 

tion of this invention to the paving of highways, run 
ways, parking areas and the like. Curable polymer com 
position is pumped in measured proportions from a tank 
1 to a liquid mixer 2 which can be a static mixer or one 
equipped with rotating vanes or an auger. Catalysts, 
such as, methyl ethyl ketone peroxide, cumene hydro 
peroxide and like, and/or promoters, such as, dimethyl 
aniline, diethyl aniline, dimethyl acetamide, cobalt 
naphthenate, cobalt octoate, and the like, are metered 
into mixer 2 from a tank 3. Modi?ers, such as, polyvinyl 
acetate, polymethyl methacrylate, polystyrene, and the 
like, and special additives, such as, silane compounds, 
wetting agents (BYK or Surfanyl), air release, defoam 
ers and the like, are pumped in measured amounts from 
tanks 4 and 5, respectively, into mixer 2. If desired, 
colors can also be added along with the additives. The 
time-delay thickener or thickeners, e.g., MgO, CaO, 
MgOH, polyisocyanates, etc., are pumped in metered 
amounts into the mixer far enough upstream from the 
discharge end of the mixer 2 to provide a uniform mix 
ture of the materials metered into mixer 2. 
The mixture is discharged from mixer 2 into a suitable 

concrete mixer 7 and aggregate is fed from a hopper 8 
into the concrete mixer 7 in proportioned amounts de 
scribed in more detail hereinafter. The concrete mixer 
can be of any suitable type, such as, Cemen-tech Inc. 
mobile and portable concrete dispensers, high-speed 
augers, conventional rotating concrete mixers and the 
like. 
The concrete mixer 7 provides a uniform mixture of 

aggregate and curable polymer composition, time-delay 
thickener mixture which is delivered to paver 8 which 
applies, and spreads it on the highway surface 9. A 
preferred paver is the Gomaco GP-2500 full width slip 
form paver which is provided with as many as sixteen 
hydraulic vibrators each with its own controllable cir 
cuit, that provides adequate vibrating capacity for high 
volume operations and for ?ne tuning under a wide 
variety of conditions. The width applied can be 13 feet 
and the paver has the capability to pave 25 feet widths 
with continuous vibration to uniformly apply the thick 
ening, catalyzed, polymer-aggregate mix. A hydrauli~ 
cally powered reversible split auger system moves the 
thickening, catalyzed polymer concrete in both direc 
tions. Material from the anger is handled so quickly that 
the polymer concrete aggregate delivery is the only 
production limiting factor. The rate of application can 
be as fast as approximately 6 feet per minute. Other 
pavers such as the Bidwell and Barber-Greene can also 
be used successfully. Another type paver, the slip form 
paver (in this case the Gomaco 165B slip form paver), 

. can also be used to pave the highway surface and em 
ploys a flat pan instead of vibrating screeds to apply and 
work the thickening catalyzed polymer concrete aggre 
gate into the desired form and free of porosity and air 
entrapment. The slip form paver comes in flat pan sizes 
of l2'X4', 12'X3', l2'X2', 24'><2', and 24’ X4’ sizes that 
vibrate to move the mix into the corners, cracks and 
holes in the highway surface 9. The paver 8 provides a 
layer 10 on the highway surface 9 having any desired 
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6 
thickness, e.g , 1/16 inch to 6 inches or more, preferable 
l to 4 inches. A roller 11 of any suitable type compacts 
the layer 10 of curable polymer concrete composition 
on the highway surface. Tamping and troweling can 
also be used if desired. 

Alternatively, the uniform mixture of aggregate and 
curable polymer composition, time-delay thickener 
mixture from the concrete mixer 7 is loaded onto dump 
trucks (not shown) for hauling to the highway surface 
being resurfaced where it is dumped into the paver 8 for 
spreading onto the highway surface 9. This arrange 
ment of the present invention permits off-site prepara 
tion at a convenient out-of-the-way location within a 
short truck drive to the application site, providing great 
advantages in the control of quality and properties of 
the polymer concrete surface. 

In another alternative, the curable polymer composi 
tion, time-delay mixture produced by the liquid mixer 2 
can be dumped into and spread by the paver without 
?rst mixing it with aggregate and the aggregate can be 
broadcast over the surface of the spread mixture before 
rolling and tamping. 
FIG. 1 also generally correlates the timing of the 

chemical reactions of the thickening and curing poly 
mer concrete composition from the time the time-delay 
thickener is added from tank 6 to liquid mixer 2 until it 
is cured adequately to support traffic. In the example 
illustrated the novel polymer concrete composition is 
fully thickened within 15 minutes after adding the time 
delay thickener which is ample time to permit mixing 
with the aggregate in concrete mixer 7 and completion 
of the paving operation of paver 8. The curable polymer 
composition in the polymer concrete mix begins to 
increase in viscosity upon addition of the time-delay 
thickener but is of sufficiently low viscosity as to ade 
quately wet out the aggregate in the concrete mixer 7 
and is still sufficiently low to adequately wet out the 
highway surface 9 when applied by the paver 8. By the 
time the thickening, curable polymer concrete composi 
tion is applied to the highway surface, however, it has a 
sufficiently high viscosity to resist running off or set 
tling of the aggregate. By the time it is compacted by 
the roller 11 it is substantially fully thickened to be able 
to resist squeezing out of polymer composition by the 
weight of the roller. The present invention, as more 
fully described hereinafter, allows for the shortening or 
lengthening of the thickening time to the fully thick 
ened condition thereby allowing for lower viscosity 
when the polymer composition contacts the aggregate 
or the highway surface to provide more wetting out, if 
insufficient, or allowing for higher viscosity when it 
contacts the highway surface to provide more resis 
tance to settling of aggregate or run-off of polymer 
compositions. 
The present invention thus provides a system 

wherein the viscosity of the curable polymer composi 
tion is low enough to adequately wet out the aggregate 
and road surface when contacted therewith and is suffi 
ciently high or thick after it has been applied to the road 
surface to avoid settling out of the aggregate, running 
off of the polymer composition, or separation of the 
aggregate and polymer composition. The present inven 
tion also permits compacting the polymer concrete 
composition after it has been spread on the highway 
surface without squeezing out the polymer composition 
or causing it to rise to the surface. As a result of this 
invention the overlay of polymer concrete composition 
has a more uniform distribution polymer composition 
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contributing to a more uniform strength throughout the 
overlay and more uniform control of shrinkage of the 
overlay which contributes to a stronger bond of the 
overlay to the highway surface. In addition, higher 
viscosities in the overlays of the present invention re 
sults in decreased evaporation of components such as 
styrene, that is less fuming, so that the styrene performs 
its function of copolymerizing in the polymer concrete 
composition and does not escape into the atmosphere 
where it can cause a health hazard. Furthermore, the 
thickening process of the present invention permits the 
provision of longer gel times, i.e., longer times before 
the polymer composition gels. This permits longer and 
more controllable processing times, e.g., for rolling 
compacting or shaping. This in turn allows the applica 
tor more options in the choice of processing techniques 
and equipment and permits the selection of more cost 
effective systems. 
Group II metal oxides and hydroxides useful in the 

curable concrete compositions of this invention include 
magnesium oxide and hydroxide, calcium oxide and 
hydroxide, zinc oxide, barium oxide and hydroxide, 
beryllium oxide and hydroxide and suitable combina 
tions thereof. Group IIA metal oxides and hydroxides 
are preferred. The Group IIA metal oxide or hydroxide 
is used in amounts of 0.1 to 20, preferably 1 to 4, most 
preferably 0.8 to 2.0, equivalents per carbon-bonded 
carboxyl group of the ethylenically unsaturated poly 
mer. The presence of water in the mixture of metal 
oxide or hydroxide and curable polymer composition 
catalyzes the thickening reaction. Preferably the 
amount of water in the mixture can vary from 0.1 to 5.0, 
preferably 0.25 to 5.0, most preferably 0.5 to 4.0, equiva 
lents per equivalent of carboxyl group of the ethyleni 
cally unsaturated polymer. Normally, sufficient water is 
naturally present in the system but can be added if de 
sired in those cases where too little or not water is pres 
ent. 

Any suitable polyisocyanate having more than one 
isocyanate group reactive with the carbon-bonded hy 
droxyl group of the ethylenically unsaturated polyester 
resin of the curable polymer compositions employed in 
the present invention can be used. Illustratively, useful 
polyisocyanates include toluene diisocyanate (T DI), 
4,4'~diphenylmethane diisocyanate (MDI) such as Up 
john Isonate @ 240, trans 1,4-cyclohexane diisocyanate, 
MDI modi?ed with small amounts of polycarbodiimide 
adducts (Upjohn Isonate ® 143L), other modified MDI 
such as Upjohn Isonates ® 181, 191, and 240, and poly 
meric MDI’s which have the formula 

NCO NCO NCO 

' @7012 CH; 
7! 

wherein n is an integer of 1-7 such as Upjohn PAPI ® 
135. The amounts of polyisocyanate used are widely 
variable, e.g., 0.1 to 10, preferably 0.1 to 8, most prefera 
bly 0.25 to 4, equivalents of isocyanate group per car 
bon-bonded hydroxyl group of the ethylenically unsatu 
rated monomer. 
The curable polymer composition used in this inven 

tion contains any suitable ethylenically unsaturated 
polymer which also contains carboxyl groups or hy 
droxyl groups or both. It is preferred, in addition, that 
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8 
“the curable polymer composition also contain an ethyl 
enically unsaturated comonomer which is copolymeriz 
able with the ethylenically unsaturated polymer. Suit 
able ethylenically unsaturated monomers include sty 
rene, vinyl toluene, ortho-, meta- and parahalostyrenes, 
e.g., the chlorostyrenes, vinyl naphthalene, the various 
alpha-substituted styrenes, di-, tri- and 'tetrahalo(e.g., 
chloro)styrenes, the acrylic methacrylic and crotonic 
acid esters including both the saturated alcohol esters 
and the hydroxyalkyl esters, e.g., methyl acrylate, ethyl 
acrylate, n-butyl acrylate, Z-ethylhexyl acrylate, benzyl 
methacrylate, methyl methacrylate, and pentaerythritol 
triacrylate, diallyl phthalate, diallyl maleate, vinyl ace 
tate, vinyl ether, acrylonitrile, alpha-methylstyrene, 
alpha~tert.-buty1styrene, and the like. By ethylenically 
unsaturated comonomer is meant a monomer contain 
ing at least one ethylenically unsaturated group reactive 
with the ethylenic unsaturation of the ethylenically 
unsaturated polyester. The ratio of ethylenically unsatu 
rated comonomer to ethylenically unsaturated polymer 
used in the curable polymer compositions of this inven 
tion range from 0:100 to 75:25, more preferably from 
0:100 to 60:40, and most preferably from 20:80 to 60:40, 
based on weight. 
The most generally available and most economically 

feasible ethylenically unsaturated polymers for use in 
the polymer concrete compositions of this invention 
currently are the ethylenically unsaturated polyester 
and vinyl ester resin systems. The ethylenically unsatu 
rated polyester resin systems are polymers produced by 
reacting saturated or ethylenically unsaturated polyols 
such as diols and triols with saturated or ethylenically 
unsaturated polycarboxylic acids or anhydrides. Typi 
cal polyols used in producing ethylenically unsaturated 
polyester resins are ethylene glycol, glycerol, neopentyl 
glycol, propylene glycol, diethylene glycol, dipropyl 
ene glycol, trimethylpentanediol, 1,4-butanediol, .l,4 
butenediol,dibromoneopentyl glycol, 1,4-cyclohex 
anedimethanol, 1,4-cyclohexanediol, bisphenol-A, i.e., 
2,2-bis(p-hydroxyphenyl) propane, p,p'-bis(e 
thanolamino)octochloro biphenyl, hydrogenated bis 
phenol A, propoxylated bisphenol A, hydrogenated 
bisxylenol, 2,2,4~trimethylpentanediol, l,4-butanediol, 
1,4-butenediol and the like. Typical polycarboxylic 
acids and anhydrides used in the manufacture of the 
ethylenically unsaturated polyester resins used in this 
invention include maleic, fumaric, phthalic, isophthalic, 
hexahydrophthalic, tetrachlorophthalic, tetrahydroph 
thalic, tetrabromophthalic, chlorendic, endic, methen 
dic, trimellitic, succinic, adipic, sebacic acids and anhy 
drides and the like. The ethylenic unsaturation in the 
polyester resin is usually provided by the use of an 
ethylenically unsaturated polycarboxylic acid or anhy 
dride in the preparation of the polyester resin. How 
ever, the ethylenic unsaturation in the polyester resin 
can also be provided by using an ethylenically unsatu 
rated polyol with a saturated and/or ethylenically un~ 
saturated polycarboxylic acid or anhydride. 

All categories of ethylenically unsaturated polyester 
resins prepared from condensation or addition type 
chemical reaction between polycarboxylic acids or an 
hydrides and glycols or bisphenols will contain 
—COOH or —OH or both depending on the extent of 
polymerization carried out. The acid content and hy 
droxyl content are designated as the acid number and as 
the hydroxyl number, respectively. The acid number 
(A.N.) can be converted to weight percent —COOH by 
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calculating the acid equivalent weight of the polyester ‘continued 
resin, i.e., by dividing 56,000 by the acid number, for v 
example: 56,000/A.N.=Acid Equiv. Wgt. For exam- 553.33% BPOQ) 
ple, if A.N. =56, the acid equivalent m 3 5_5 O 3 04 o 3 545 
W=i8hI=56,000/56=10°0‘ Th6 % carboxyl group con- 5 Cure time, min. 5.0-7.0 4.0-6.0 4.3-6.0 
tent then is calculated by dividing 45, the molecular Peak Exotherm 173-125 193-205 (410-430) 
weight of a carboxyl group, by the acid equivalent 133 161 [89 
weight. For example, (-ppmmw ~ . - . ~ . 

10 III. Tetrachloro-fl'estrabromophthalic Unsaturated 
wt. % 0001! Content = M x 100 = Polyester Styrene 

Acid Eq. Wgt. Moles 

A. B. T&><1oo=4.sm.%co011. Reactants 

_ _ , 15 Tetrachlorophthalic 1.0 — 

In those instances where the polymer composition also Anhydride (TCPA) 
contains an ethylenically unsaturated comonomer, the Tetnbwmophthllic —- l-0 
acid number of polymer composition is lower than that G) 2 2 2 2 
of the ethylenically unsaturated polyester resin per se Mug: myydn-de (MM) 1:2 1:2 
because of the dilution effect of the comonorner. The 20 Rain prom" 
range of acid number of the polymer composition is 9;, 5mm (approx) 34 34 
from 10 to 60, preferably 20 to 50. Acid Number (Solids)((1z)) 19-24 21-27 

Curable polymer compositions based on ethylenically 3223;113:250 (Dime) “'18 16-2680 
unsaturated polyester resins thickenable in the present SP1 Gd 1% m,"o( ) 
invention by Group IIA metal oxides or hydroxides 25 Gel time, min 1545 _ 
include the following formulations: Cm mm, mm 55-65 __ 

Peak Exotherm 420 — 

‘C. ('F.) 
l. lsonhthalic Unsaturated Polyester-Styrene %-COOH ~ 1.29 ~1.45 

Moles (approx.)(‘) 
A. General B. (X00005) C. (K-6l0l) 30 IV. Bisphenol-l-lydrogenated Bisphenol Unsaturated 

Polyester-Styrene 
Reactants M l ‘7 
lsophthalic 1.0 1.0 1.0 °' ‘ 
Acid (IPA) A. B. 
Propylene 3.0 2.15 1.73 Rucmms 

39:“ (age) 1 2 0 84 35 Bisphenol-A (HP-A) - 1.10 
P W ' _ ' Hydrogenated Bisphenol-A 0.66 -— 

Glycol (DPG) (HBILA) 
Maleic 3.0 1.0 1.40 . 

. - .44 - Anbydndc AA) gag-sighted Bisphenol A 0 
M Maleic Anhydride (MAA) 1.00 1.00 
Styrene Content, 40 40 30 4O Resin progsnies 
% (approx) 

- % Styrene (approx) 50 50 
g1‘? d153, “43 2M7 2°46 Acid Number (S0lid§)(1) 33-37 33-37 
Ad; NO 18 2O 12 16 “H8 Acid Number (Dilute)(2) 17-20 17-20 

. ' _ _ Brook?eld Visc., c “Kl-600 400-600 

(D'h‘mm . SP1 Ge] 1% BPO‘ ) ' 
Brook?eld VISC. 450-500 400-500 23004700 45 —+ 
cps Gel time, min. 9 — 

SP1 Gel 1% BPOG) Cure time, min. 313 - 

Gel Time, min. 7.5 4-5 3-4 l’é‘1(‘€’;°‘h°m 9° _ 
Cure Time, min. 9.0 6-7 4-1/2-5-1/2 ‘ ' (0 
Peak Exotherm 232(450) 410-440 390-410 %'COOH “ppm” 1'49 1'49 
'C. ('F.) 50 V. Hydrogenated Bis Xylene] Unsaturated 
%-COOH 1.53 1.13 1.29 Polyester-Styrene 
(approxJl‘) Mole % 

ll. Orthophthalic Unsaturated Polyester - Styrene A. B. 

Moles Reactants 
A. 1000-25 B. KID-25 C. HID-Z5 5s Hydmgmwd Bis Z0 20 

Rmmms Xylenol (HBXA) 
—._ Neopentyl Glycol NPG) 2.0 2.0 

dc 2'0 1'0 1'0 Tetrahydrophthalic -— l .0 

(P A1‘) Anhydride (Tl-IPA) 
Propylene 3.3 2.2 3.3 re‘slgcpx‘hyrigde (MM) ‘'0 3'0 
Gl col ___._L 
Mayleic (PG) 1.0 1.0 2.0 60 % Styrene 40 40 
Anhyd?dc Acid No. (Dilute) 39 39 
(MAA) %-COOH Cale. from 2.41 3 l3 
Resin ProErties A-N-(Dilme) 
% Styrene ~30 ~30 ~30 VI. 1,4 Cyclohexanediol (CHD) Unsaturated 
Acid No. 22-28 30-37 28-30 65 Polyester-Styrene 
(sd1ids)<1) Mole 
Acid No. 13-20 15-25 21-26 A. 
(Dndtom 
Brook?eld 2300-2700 2300-2700 2300-2700 m 
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-continued -continued 
l,4-Cyclohexnnediol (CI-ID) 2 Acid Number (Dilute) 30 3| 32 
Neopentyl Glycol (NPG) 2 Viscosity, cps (40% VT) 600 500 1550 
Tetrnhydrophthnlic Anhydride (TI-IPA) 0.5 %-COOH from A.N. 2.41 2.49 2.57 
Maleic Anhydride (MAA) 3.5 5 (Dilute) 

BEE-Sim X. Dimethyl 1,4-Cyclohexanedicarboxylate (DMCD) 
% Styrene 40 ' Polyester-Styrene 
Acid Number (Dilute) 33 Moles 

%-COvOlll~l :OZIAN. (lzilluatle) 2.65 A. B‘ c D. . et ydrop t ic Anhydride (TI-IPA) 
Unsaturated Polyester-Vinyl Toluene l0 Lin-?ims 

Molc % ML 
> Neopentyl Glycol 8.08 A. B. c. D. E. 

(NPG) 
Mia. DMCD 3.96 3.33 4.47 5.0 
Maleic Anhydride 2.0 2.0 2.0 2.0 2.0 15 CHDM-S' — 6-99 — — 
(MM) Propylene Glycol - — 9.38 — 

Azeloic Acid (MA) 1.0 1.0 - - 0.5 (PG) 
Tetrnhydrophthalic 1.0 1.0 1.0 1.0 1.0 Ethylene Glycol - — — 10-5 

Anhydride (Tl-IPA) (EG) 
Neopentyl Glycol (NPG) 2.0 2.0 2.0 2.0 2.0 Mag 
Ethylene Glycol (EG) -—' — — — — 2o Mnleic Anhydride 3.96 3.33 4.47 5.0 
Cyclohexnnedimethanol 2.0 2.0 2.0 2.0 2.0 (MAA) 
(CHDM) Resin ProErties 
su‘fci’nic Acid (SA) _ — -“ — — % Styrene 40 40 40 40 
Adlplc Acid (AA) — — 1.0 — 0.5 Add Numb“ 10 11 12 20 
Sebacic Acid (SEA) — —- — 1.0 -— (Dilute) 

mi 25 MO]. Wgt. My 2000 2200 2000 1700 
% Vinyl Toluene 40 40 . 40 40 40 Viscosity, cps 400 600 250 250 
Acid Number (Dilute) 27 24 22 23 23 ‘76-60011 cllc’d. 0.804 0.884 0.964 1.61 ‘a 
‘xi-coon Calc. from 2.17 1.93 1.77 1.85 1.85 from A-N- (Dilute) 
A.N. (Dilute) %-OOOH calc’d 2.25 2.05 2.25 2.65 

M l W . VIII. Additional Types of 'I'l-IPA Polyester-Vinyl Toluene from 0 at M! 
Moles 30 XI. Glycol/Maleate-Fumarate Polyester-Styrene 

n. E. F. Md” 
A. B. c. v700015 v7001-10 13118-78 A- B C 

Rwmms km 
W Propylene Glycol 1.1 1.1 — 
Maleic 2.0 2.0 1.74 3.0 2.8 2.5 35 (PG) _ 
Anhydride Malelc Anhydrlde 1.0 1.0 6.0 
(M44) (MM) 
Azelaic Acid - 1.0 0.87 _ - _ Dlpropylene — — 6-8 

(AZA) Glycol (DPG) 
'I'HPA 1.0 1.0 0.87 1.0 1.2 1.0 m 
CHDM 2.0 2.0 1.74 2.0 - 2.0 40 % Styrene 4.0 4.0 4.0 
‘Neopentyl 2.0 - - 2.0 2.0 2.0 Acid No. (Solids) 28-33 28-33 5-7 
Glycol Acid No. (Dilute) 20-23 l7-20 4-5 
(NPG) Viscosity, cps 2300-2700 400-600 2400-2600 
Empol Dimer 1.0 - - - - - Gel Time, min. 12-14 - 4.5-6 

1014 (E0) Cure Time, min. 13-16 - 6.5-8 
Ethylene -— 2.0 — — 2.2 —- 45 Peak Exotherm 215-245‘ C. — 395-415‘ F. 

Glycol (EG) ‘C. or ‘F. 
2,2,4-Tri- - - 1.91 - — - %-CO0H calc'd 1.84-2.25 l.36-l.65 0.40-0.56 

methylpen- from A.N. 
tnnediol (Dilute) 
(TMPD) Commercial (3700-25) (3702-5) 3801-25) 
Adipic Acid — — — — — 0.5 (Koppers) ' 

(AA) 50 u, . . . 
. Acid number of undiluted polyester resin. 

R51“ _ (DAcid number of polyester resin diluted with styrene. 
m mSociety of Plastics Industry Test Cure Procedure For Unaturlted Polyester 
% Vinyl 40 4O 4O Resins using 1 wt. % benmyl peroxide catalyst based on resin. 
Toluene (“Calculated from Acid No. (dilute). 
vise.’ cps 450 SW 350 ‘As a 68 t [1: solution of 1,4-cyclohexnnedimethnnol in methanol 

Acid Number 26 24 40 55 _ _ ‘ ' 

%-COOH 2.09 1.93 3.21 The curable polymer composltlons described 1n Ta 
m}? A-N- bles VII and VIII are described in further detail in U.S. 
0)‘ m‘) Pat. No. 3,674,727 and additional curable polymer com 

lx- Addi‘im'a' TIP“ °f THPA PdWsmNinYl T°1"="= positions useful in this invention are described in U.S. 
M°1=S 60 Pat. Nos. 3,530,202; 3,560,445 and 3,533,999. 

A- B- C- In addition, there can be used suitable curable poly~ 
Reactants mer compositions containing 30 to 60 wt. % of an ethyl 
Neopentyl Glycol (NPG) 2.0 2.0 2.2 enically unsaturated monomer (e.g., styrene or vinyltol 
g‘hyaliim 602111956) 2-2 2-2 2% uene) and the balance (40 to 70 wt. %) of an isoph 
Aztgydmflgiipf) 2'0 2'0 1' 65 thalic/glycol/maleate-fumarate/isocyanate urethane 
Makic Anhydn-de (MM) 20 m 13 ethylenically unsaturated polyester made by reacting 
Resin ProErties two moles of ethylene glycol with one mole of ISO 
% Vinyl Toluene (VT) 40 40 -40 phthalic acid to form a stage I intermediate, reacting 2 



5,242,708 
13 

moles of the stage I intermediate with 1 mole of tolylene 
diisocyanate to form a stage II intermediate, reacting 1 
mole of the stage II intermediate with 1 mole of maleic 
anhydride to form a stage III intermediate, and reacting 
1 mole of the stage III intermediate with 2 moles of 
maleic anhydride to form the ?nal ethylenically unsatu 
rated polyester. The molecular weights and % COOH 
of the stage III intermediate and solutions of each (60 
wt. %) in 40 wt. % styrene are: 

Stage II] Final Polyester 
Calculated M01. Wt. 780 878 
% COOH (undiluted) 5.77 10.25 
% COOH (diluted with 3.46 6.15 
40% styrene 

Any suitable glycol can be substituted for ethylene 
glycol; any suitable dibasic cyclic acid or anhydride can 
be substituted for isophthalic anhydride; any suitable 
dicarboxylic acid or anhydride can be substituted for 
maleic anhydride; and any suitable diisocyanate can be 
substituted for tolylene diisocyanate. 

Additional ethylenically unsaturated polyesters 
which can be diluted with an ethylenically unsaturated 
monomer, e.g., styrene, as described herein and used as 
a curable polymer composition is made by reacting 1 
mole of tolylene diisocyanate with 2 moles of ethylene 
glycol to form a stage I intermediate; and reacting 1 
mole of the stage I intermediate with maleic anhydride 
to form a polyester of the formula: 

CH3 

H OCHZCHZOCONH ®NHCOOCH2CHOCOCH=CH 
wherein a is initially I. This polyester can be further 
heated to increase its molecular weight, i.e., to increase 
the value of x. The calculated molecular weights, % 
COOH and % OH for each of ?ve polyesters wherein x 
is respectively 1 to 5 and the calculated % COOH and 
% CH of each said polyester are: 

x = 1 2 3 4 5 

Mel. Wgt., Calc'd. 396 746 1096 1446 1796 
%-COOH(Calc‘d) MWn 11.36 6.03 4.11 3.11 2.51 
%-CO0H(40% s) 6.82 3.62 2.47 1.37 1.51 
%-OH (Calc'd) MWn 4.29 2.28 1.55 1.18 0.95 
%~OH (40% s) 2.57 1.37 0.93 0.71 0.57 

Additional ethylenically unsaturated polyesters 
which can be diluted with an ethylenically unsaturated 
monomer, e.g., styrene, and used as a curable polymer 
composition is made by reacting 2 moles of tolylene 
diisocyanate with 1 mole of l,4-dimethylolcyclohexane 
to form a stage I intermediate and reacting the stage I 
intermediate with 2 moles of one of the following unsat 
urated alcohols: 
(A) HOCHgCHgOCOCHiHz 
(B) I-IOCH2CH2OCOC(CH3)CH=CH2 
(C) H0CH(CH3)CH2OCOCH=CH2 
(D) HOCH(CH3)CH2OCOC(CH3)=CH2 
providing ?nal polyesters A, B, C and D having calcu 
lated molecular weights of 724, 754, 752 and 780, re 
spectively. 
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Vinyl ester resins are also useful as curable polymer 

compositions in this invention. These vinyl ester resins 
contain an ethylenically unsaturated monomer such as 
styrene or vinyltoluene in amounts ranging from 30 to 
60 wt. % and the balance of 40 to 70 wt. % of an ethyl 
enically unsaturated polyester such as is produced by 
reacting one mole of hydroxyethyl acrylate and 0.97 
mole of maleic anhydride to a % COOH of about 
20.95% (21.03% is theoretical), reacting the resulting 
stage I polymer with 0.45 mole of 

to form a stage II intermediate having a % COOH of 
about 0.52% (0% is theoretical), reacting the stage II 
intermediate with about 0.485 mole of maleic anhydride 
to provide a stage III intermediate having a % COOH 
of about 5.53 (5.94% is theoretical) and diluting the 
stage III intermediate with 40 wt. % styrene to provide 
a curable polymer composition containing 60 wt. % of 
stage III intermediate and about 3.3% COOH (3.56% is 
theoretical). The amount of maleic anhydride used to 
react with the stage II intermediate to form the stage III 
intermediate can be adjusted to adjust the % COOH in 
the ?nal curable polymer composition as shown by 
Table XII below: 

COOH 

TABLE XII 
Curable Polymer Maleic Anhydride 

comp. % COOH Used In Stage III 

A 3.3 0.50 
B 0.9 0.20 
C 2.1 0.35 
D 4.2 0.65 
E 6.5 0.95 
F 2.7 0.50 
G ~0 0.00 

In each case, the moles of maleic anhydride (MM) 
used correspond approximately to the conversion of 
pendant hydroxyl groups to pendant half ester groups, 
e.g., Composition A (0.5 mole MAA) corresponds to 
about 50% conversion; Composition B (0.35 mole 
MAA) corresponds to about 35% conversion, Compo 
sition G (0% MAA) corresponds to about 0% conver 
sion. 

Ethylenically unsaturated polyesters of the type of 
curable polymer Compositions A through G described 
above are described in U.S. Pat. Nos. 3,221,043; 
3,256,226; 3,301,743; 3,317,465 and 3,373,075. Any eth 
ylenically unsaturated polyesters described in the 
above-mentioned patents can be used in the present 
invention. 
Thickening responses with MgO were noted with 

Composition A (~5.3% —COOH). At 70' C. with 2 
equivalents of MgO per equivalent —COOI-I were 
added. After blending for 60 seconds, one equivalent of 
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water (H2O) per equivalent of —COOH was added, 
with 15 seconds noticeable thickening occurred and 
complete thickening occurred in 1.1 minutes. Similar 
responses were noted for zinc oxide, calcium hydrox 
ide, magnesium hydroxide and calcium oxide. These 
resins were tack-free in a similar period of time. 

Using Composition D (about 4.2% —COOH), the 
effect of the number of equivalents of MgO per equiva 
lent of —COOH was determined. Equivalents of 
MgO/—COOH varied from 0.8/1.0 to 2.0/1.0 and the 
tests run at 70° C. with one equivalent of H20 per 
equivalent of —COOH present in all cases. A dramatic 
decrease in time of thickening occurred as the equiva 
lent of MgO/—COOH approached 1/1. The results are 
shown in Table XIII. 

TABLE XIII 
Equivalent of MgO per Thickening 
equivalent of —COOH time, min. 

0.8/1 20 
0.9/1 2.75 

l/l 1.50 
1.5/1 .75 
2/1 .50 

In a similar manner, the effect of higher loadings of 
MgO was determined with resin Composition C (about 
2.1% —COOH), by varying the equivalent of MgO/— 
COOH from 4/1 to 8/1. The results are summarized in 
Table XIV. 

TABLE XIV 
Equivalent of MgO per Thickening 
equivalent of —COOH time, min. 

4/1 0.25 
8/1 0.25 

The effect of varying the equivalent of H20 per 
equivalent of —COOH (PhD/—COOH) while holding 
the equivalent of MgO constant was run on Composi 
tion A (about 3.3% —COOH). These results were ob 
tained at 80° C. and with 2 equivalents of MgO per 
equivalent of —COOH present in all cases. Table XV 
shows the results. ' 

TABLE XV 
Equivalent HZO/ Tack-Free Time, 

equivalent —COOH Min. 

0.5/1 3.25 
l/ 1 2.5 
2/1 2.25 
3/1 2.75 
4/1 3.75 

10 

15 

20 

25 

30 

35 

40 

45 

16 - 

Varying the amount of MgO will also change the rate 
of thickening. 
By blending Compositions B and D, mixtures were 

prepared wherein the acid concentration (% —COOH) 
was varied from about 0.9% to 4.2% and the thickening 
time as a function of % acid content (% —COOH) was 
evaluated. All tests were made with 2 equivalents of 
MgO per equivalent of —COOH, one equivalent of 
H20 per equivalent of —COOH and at a temperature of 
70° C. A decrease in thickening time was found as the % 
—COOH increased up to 2 to 3%. Additional improve 
ment in thickening rate occurred as % —COOH was 
increased above 3%. Preferably, the acid content (% 
—COOH) should be above 1% by weight. 
When phthalic anhydride or tetrahydrophthalic an- ‘ 

hydride replaces MAA in an amount suf?cient to obtain 
40% conversion of hydroxyl groups, similar thickening 
characteristic is noted. Different monomers can be used 
in place of styrene, such as vinyl toluene, methyl meth 
acrylate, chlorostyrene, HEA, HPA, and others and 
still provide rapid thickening. 

Additional vinyl ester resins that are useful as curable 
polymer compositions in this invention contain about 40 
wt. % styrene and about 60 wt. % of an ethylenically 
unsaturated polyester produced by reacting 2 moles of 
methacrylic acid and 1 mole of 

2 

to form a stage I intermediate having 0% COOH, react 
ing the resulting stage I intermediate with 1 mole of 
maleic anhydride to form a stage II intermediate having 
about 7.8% COOH, and, optionally, reacting the stage 
11 intermediate with 1 additional mole of maleic anhy 
dride to form a stage III intermediate having about 
12.71% COOH. Styrene (40 wt. %) added to the stage 
II intermediate provides a curable polymer composition 
having about 4.7% COOH. Styrene (40 wt. %) added to 
the stage III intermediate provides a curable polymer 
composition having about 7.63% COOH. 
The higher molecular weight diepoxides such as 

those described below can be used with styrene or other 
ethylenically unsaturated monomer to provide higher 
molecular weight curable polymer compositions: 

OH OH 

O 

(A) 

(B) 
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-continued 
(C) R 

CH2 CH2 

ocnzcn—cnz ocnzcn——cnz 0CH2CH——CHZ 
\ / \ / \ / 
0 o x 0 

(D) 
CH3 CH3 

/ \ I I / \ 
cm-cn-ct-no (I: O CH2CHCH1O (I: O CH2CH_CH1 

CH3 OH CH3 
X 

(E) 

wherein R is a monovalent hydrocarbon group, R’ is a 
divalent hydrocarbon group, and x and y are each inte 
gers of 0 or more, e.g., 0-10. 
The above-mentioned ethylenically unsaturated poly 

esters can be blended with each other and/or with other 
reactive polyesters or monomers to adjust the % 
COOH and the % OH as desired to provide the desired 
thickening action upon mixture with the Group IIA 
metal oxides or hydroxides. The % COOH in the cur 
able polymer compositions (containing the ethyleni 
cally unsaturated polyester and ethylenically unsatu 
rated monomer) used in this invention can be as low as 
0.1% and as high as 10% and preferably is in the range 
of 0.5 to 5%, most preferably 1 to 3% based on the 
weight of the curable polymer composition. 
The non-maleate or non-phthalate modi?ed vinyl 

ester resins can be blended with each other for reactiv 
ity to either oxide, hydroxide or isocyanate thickening 
response. The main capability here is controlling the 
—OH or —COOH content of systems as explained 
hereinabove. . 

The above systems can have added to them ethyleni 
cally unsaturated carboxylic acids such as acrylic, meth 
acrylic, crotonic, etc., to give the desired -COOH 
values. On reaction the ethylenic double bond of the 
carboxylic acid combines with the other reactive mono 
mers and polymer. 
The main function is to utilize the metal oxide or 

hydroxide, wherein the metal is selected from Group II 
of the periodic table, in an amount sufficient to provide 
at least 0.25 equivalents per equivalent of carboxylic 
acid (——COOH) and preferably 0.75 equivalents per 
equivalent (-COOH), and wherein water in an amount 
sufficient to provide from at least about 0.10 to about 5 

. equivalents of water per equivalent of -COOH and 
preferably 0.25 to 5 equivalents per equivalent of 
—COOH is present. Usually water in these amounts is 
already in the system and need not be added. Overall 
water in the amount of 0.5 to 10, preferably 1 to 5, 
equivalents per equivalent of COOH and Group IIA 
metal oxide or hydroxide in the amount of 0.5 to 20, 
preferably 0.75 to 10, most preferably 2 to 5 or 10, 
equivalents per COOH equivalent can be used in this 

30 

35 

45 

60 

invention. At a ratio of 2 MgO equivalents per COOH 
equivalent, the optimum ratio of H20 equivalents to 
COOH equivalents has been noted to be about 2:1. It 
has been noted that the thickening time decreases as the 
ratio of MgO equivalents to COOH equivalents in 
creases towards 121 and then increases above lzl 
through an MgO equivalents to COOH equivalents 
ratio of 2:1. The rate of thickening can be increased or 
decreased by adjusting the amounts of Group II metal 
oxide or hydroxide and water relative to the % COOH 
of the curable polymer composition and/or by the addi 
tion of other accelerators, organic or inorganic, as is 
known to the skilled worker. Increasing the molecular 
weight of the ethylenically unsaturated polyester in the 
curable polymer compositions used in this invention or 
blending high molecular weight additives therewith 
also can promote faster thickening. Heat, i.e., higher 
temperatures can also promote faster thickening. The 
addition of certain ?ller types at certain loadings can 
also promote faster thickening. The effective factor in 
increasing the thickening rate is increased percentages 
of COOH in the ethylenically unsaturated polyester. 

Thickening curable polymer compositions of some of 
the types described above are disclosed in U.S. Pat. No. 
3,466,259; 3,548,030; 3,674,893 and 3,857,812 and any 
suitable curable polymer composition disclosed in these 
patents can be used in this invention. 

Curable polymer compositions based on ethylenically 
unsaturated polyester ‘resins thickenable in this inven 
tion by polyisocyanates contain active hydrogens in the 
form of carbon-bonded hydroxyl groups in the resin 
molecule. Some polyester resins of this type have been 
described hereinabove and also contain carbon-bonded 
carboxyl groups in the resin molecule. Additional types 
of polyester resins having- carbon-bonded hydroxyl 
groups are described hereinbelow. Any suitable ethyl 
enically unsaturated polyester resin having carbon 
bonded hydroxyl groups in the amount of 0.5 to 7.5%, 
preferably 1 to 5%, most preferably 1.5 to 3.5% based 
on the weight of curable polymer composition (i.e., the 
polyester resin and ethylenically unsaturated monomer) 
can be used in the present invention. 
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The ratio of isocyanate functionality to active hydro 
gens in the polyester heavily in?uences the properties of 
the resulting hybrid resin. This ratio is expressed as the 
isocyanate index; and index of 40 indicates that the 
number of —NCO groups is equivalent to 40 percent of 
the active hydrogens, principally —OH groups, in the 
polyester. The hydrid concept utilizes a hydroxyl-ter 
minated unsaturated isopolyester or standard orthph 
thalic, terephthalic, maleate polyester by normal esteri 
?cation techniques to very low acid number. This iso 
or standard polyester is then blended with isoeyanate 
for thickening action by chain extension or chain 
branching (polyisocyanate, poly-branched isocyanate 
prepolymers) and with styrene (or other reactive mono, 
di or multi-functional ethylenically unsaturated mono 
mers) for crosslinking. 
By varying the amounts and types of polyisocyanates 

a wide range of cured polymer properties can be 
achieved. The chain extension between polyester and 
polyisocyanate eliminates the need for non-reactive 
mineral thickening agents used commonly in polyesters 
for other uses. Glycol excesses are calculated to yield 
speci?c equivalent weights for the hydroxyl-terminated 
polyesters. With rare exceptions, primary hydroxyl 
containing glycols are employed. An esteri?cation cata 
lyst, butyl stannic acid, can be used at 0.1 wt. % of the 
ethylenically unsaturated acid, e.g., the isophthalic acid, 
especially to achieve acid numbers below 1 for the 
polyester. Finished polyesters were of an acid number 
less than 5 and were diluted in styrene monomer. Inhibi 
tor levels of 200 parts per million (ppm) hydroquinone 
and 50 ppm of parabenoquinone stabilize the resins 
especially since polyesters in lower molecular weights 
are found to be less stable than conventional resins. The 
polyisocyanate can be varied, but, as regards TDI and 
MDI, little differences in physical properties were 
noted for the monomeric and polymeric forms in ?nal 
systems. 

Tables XVI to XIX illustrate a variety of ethyleni 
cally unsaturated polyester resins of the hydrid type 
that can be used in this invention. The hydroxyl num 
bers given can be converted to wt. % OH by calculat 
ing the polyol equivalent weight by dividing 56,100 by 
the hydroxyl number and then dividing 17 (the molecu 
lar weight of the hydroxyl group) by the polyol equiva 
lent weight and multiplying by 100. For example, the % 
OH for a resin having a hydroxyl number of 111 is 
calculated as follows: 

111 
% OH = 17 X 56,100 X 100 = 3.37% 

TABLE XVI 
Fast Thickening System Material 
lsophthalic Acid, moles 1.0 
Maleic Anhydride, moles 1.0 
Diethylene glycol, moles 2.64 
Styrene. wt. % 35 
Acid number, solids 4.2 
Hydroxyl number, solids 111 
Brook?eld Visc., cps (25' C.) 248 ' 
SP1 Gel Test (1% BPO 80' C.) 
Gel time, min/sec 4:00 
Cure time. min/sec 7:35 
Peak exotherm ‘C. 180 
Theoretical 
Equiv. \VgL, solids 383 
Unsaturation/ 1000 g Solids 2.04 

20 
TABLE XVI-continued 

Aroniaticity, wt. % solids 33.9 

5 Dilution to 44% styrene and using 100 isocyanate Index 
with TDI (Toluene Diisocyanate) gave fast thickene 
tack free, formable mix within 120 minutes. ' 

TABLE XVII 
l0 TG-lSl NET-224 TG-182 NET-226 

Resin Desimtion 
Isophthnlic Acid, 1.0 1.0 1.0 1.0 
moles 
Maleic Anhydride, 2.0 2.0 2.0 2.0 

15 moles 
Diethylene Glycol, 3.92 2.92 1.96 — 
moles 
Ethylene Glycol, - 1.5 1.96 1.96 
moles 

20 Neopentyl Glycol, - -- -— 1.96 

moles 
Styrene, Wt. % 33 35 33 35 
Acid Number, solids 2.8 1.7 4.0 3.9 
Hydroxyl Number, 130 140 151 171 
solids 

25 Brook. Visc. cps 410 246 248 385 
(25' C.) 
SP1 Gel Test (Std! 
gel time, min/sec 7.15 6:55 505 7=0o 
cure time, min/sec 9:40 9:10 7:50 10:10 
peak exotherm, 'C. 190 210 211 211 

30 Theoretical 

Equiv. wt., solids 383 348 337 334 
Unsat./1000 g, solids 2.83 3.13 3.23 3.25 
Aromaticity, wt. % 23.5 26.0 26.8 27.0 
solids 

35 

All of these were "thickened” rapidly in 60 minutes at a 
100 Isocyanate Index with Upjohn’s Isonate 143L. 

TABLE XVIIA 

4O SG-3l7 SG-318 ET-l04 NET-233 

Resiri Desigation 
lsophthalic Acid, 1.0 1.0 1.0 1.0 
moles 
Maleic Anhydride, 1.3 1.5 1.0 1.0 - 

45 moles 
Diethylene Glycol, — 1.1 2.6 2.64 
moles 
Ethylene Glycol, 0.9 0.95 —— — 

moles 
Neopentyl Glycol, 2.9 1.1 — — 

50 moles 
Styrene, wt. % 32 28 44 35 
Acid Number, solids 2.9 2.0 5.3 0.85 
Hydroxyl Number, 106 120 139 114 
solids 

55 Brook. Visc. cps 1020 1190 52 252 
(25' C.) 
SPI Gel Test [Std 

gel time, min/sec 9.55 9.25 5.55 7140 
cure time, min/sec 13:40 12:50 10:55 12:05 
peak exotherm, ‘C. 198 192 180 176 

60 Theoretical 

Equiv. wgt., solids 517 460 405 488 
UnsaL/ 1111) g, 2.61 2.78 2.06 2.04 
solids 
Aromaticily, wt. % 33.3 30.7 34.2 33.9 

65 solids 

All of these were “thickened” rapidly in 60 minutes at a 
100 lsocyanate Index with Upjohn's Isonate 1431... 
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TABLE XVIII-continued 
Other Formulations Hybrid Systems 

With Variation Formulation by Variables 
TG-1B8A TG-189 ‘TC-190 ‘PG-89L TG-188A TG-189 TG'19O TG-89L 

Resins Design (100 11) wt. % 
IPA, moles 1 1 1 1 ‘Styrene Monomer 19.8 14.3 33.50 31.6 
MAA, mole 1 1 1 1 (10°11) WI- % 
DEG. 1110165 2-6 2-85 219 2-64 '11 - lsocyanate index, where 1(1) 11 implies a balance of hydroxyl end groups with 
Styrene Control, 23.9 19.4 36.2 38.8 iaocyanate end groups. 
wt. % 10 
Acid number, solids 1.9 3.2 2.9 4.2 - - - ' 
Hydmxy‘ Numb“, 1M7 ‘695 ‘7'0 142.2 All thicken within 60 minutes to tack free, formable 
“lids surface. 

TABLE XIX 
Thickenin Studies 

A B C D E F G 

W 
Polyester, equiv. 2.0 1.549 5.0 1.598 1.593 1.586 10.0 
Methanol, equiv. —- 0.25 — 0.031 0.125 0.281 — 

Tridecanol, equiv. -— — — — ~— — — 

Isonate 143L, equiv. 1.0 0.78 2.0 0.634 0.634 0.634 3.0 
w 
based on Polyester 50 $0 40 40 40 40 30 
based on Total 50 43 4O 39 37 34 30 
Hydroxyl 
alcohol, 2% of 0 13.9 0 1.9 7.3 15.1 0 
total hydroxyl 
Viscosity, million 
§Pi_..__ 
After 24 hrs >160 48.8 21.6 56.5 51.8 27.2 1.4 
After 1 week — 67.2 28.6 67.0 60 35.2 2.0 
After 4 weeks — 72.6 38.8 67.2 60 38.4 2.2 

Note: 
All Systems Used Polyester TG-lSZ (See Table XVII). lsonate 1431. and 220 phr (not incl. isocyanate) 
Snow?ake calcium carbonate. All initial viscosities were 646,000 cps. 
Other systems with greater than 50 isocyanate index based on polyester and greater than 46 isocyanate index 
based on total hydroxyl exceeded 160 million cps within 24 hours when methanol was used at l.9-15.7% of 
the total hydroxyl content. 

Brook?eld Visc., cps 1600 1728 1450 400 Thickening is speeded up when the equivalent of 
w isocyanate to hydroxyl functionality is 1.4 to 1 or more. 
gel time, min/s 8:15 6:15 6:05 4:35 

TABLE XIXA 

Thickening Studies 
H J K L M N 

Svstem Designation _ 

Polyester, equiv. 1.38 1.244 1.415 1.223 1.57 1.401 
Methanol, equiv. 0.464 -— 0.906 -— 0.563 — 

Tridecanol, equiv. — 0.460 — 0.775 — 0.52 

Isonate 1431., equiv. 1.4 1.40 1.045 0.634 0.634 0.441 
liElilLlndiL 
based on Polyester 101 113 72 85 40 45 
based on Total 76 82 44 52 30 33 
Hydroxyl 
alcohol, 2% of 25.4 27 38.5 38.5 26.4 26.8 
total hydroxyl 
Viscosity, million 
EPi__— 
After 24 hours >160 >160 2.9 6.4 3.8 3.2 
After 1 week —- — 6.9 9.6 4.6 2.8 

After 4 weeks -— — 6.9 9.6 4.3 2.8 

Note: 
Other systems with greater than 50 isocyanate index based on polyester and greater than 46 isocyanate index 
based on total hydroxyl exceeded 160 million cps within 24 hours when methanol was used at 1.9-15.7% 01' 
the total hydroxyl content. Thickening is speeded up where the equiv. of isocyanate to hydroxyl functional 
ity is 1.4 to l or more. 

cure time, min/sec 11:55 9:55 800 7:40 
peak exotherm ‘C. 172 146 212 191 . . . . . ' 

Equivalent WgL, 526.3 324.8 1124.2 388.5 Adi-111101131 thlckenmg Systems, based upon 15°61'3 
solids nates, useful in the present invention include the thick 
flqug?cm W1" 691-6 4039 1762-‘ 634-3 65 ening systems disclosed in U.S. Pat. Nos. 2,806,835; 
iqui . . . . . 

"mum m 263 7.50 m 2,806,836, 2,879,248, 3,859,381, 3,868,431., 3,886,229, 
(“3L 100“) wt % 4,073,828 and the patents disclosed therein; 4,129,641 
‘Polyester Glycol 63.0 59.4 59.00 49.9 and 4,232,133. 
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Curable polymer compositions based on hydroxyl 
containing thermosetting acrylic resins thickenable by 
reaction with polyisocyanates are useful in this inven 
tion. The thermosetting acrylic resin is mixed with a 
low shrink polymer such as, polystyrene, polyethylene, 
polymethylmethacrylate, polyurethane, styrene-butadi 
ene_copolymers, polyvinylacetate, polycaprolactone, 
cellulose acetate butyrate and the like; a suitable poly 
isocyanate, e.g., tolylene diisocyanate, MDI, polymeric 
MDI and the like; a vinyl polymerization catalyst, e.g., 
t-butyl peroxide; and aggregate. The resulting mixture 
thickens tack free in l to 2 hours and can be made to 
thicken faster by adding an accelerator, e.g., dibutyltin 
dilaurate. More branching in the acrylic resin and/or 
the polyisocyanate also promotes faster thickening. 
Higher molecular weight acrylic resins and/or higher 
molecular weight low shrink polymers also impart 
faster thickening. Suitable thermosetting acrylic resins 
are actually vinyl esters, as described above and known 
in the art, without secondary hydroxyl modi?cation to 
maleate or fumarate form. Thus, they contain hydroxyl 
groups and ethylenically unsaturated groups. Examples 
of suitable thermosetting acrylic resins are the reaction 
products of 2 moles of methacrylic acid and one mole of 
the diglycidyl ether of bisphenol A or the diglycidyl 
ether of polymeric bisphenol A-epichlorhydrin. Other 
examples are the reaction products of epoxidized phe 
nolformaldehyde Novolac resins with one mole of 
methacrylic acid per mole of epoxy groups of the 
Novoloc resin. Still other examples are the reaction 
products of epoxidized ethylenically unsaturated fatty 
acid triglycerides and one mole of methacrylic acid per 
mole of epoxy groups of said triglycerides. Thickenable 
systems of this type are based on interpenetrating net 
work (IPN) systems. 

Additional curable polymer compositions include 
those containing 30 to} 60 wt. % of an ethylenically 
unsaturated monomer and an ethylenically unsaturated 
polyester containing both hydroxyl and carboxyl 
groups. A suitable polyester is made from 2 moles of 
propylene glycol, 2 moles of dipropylene glycol, 1 mole 
of maleic anhydride, 1 mole of isophthalic acid and 1 
mole of trimellitic anhydride and has an acid number of 
52.5, a carboxyl content of 4.22 wt. %, a hydroxyl num 
ber of 94.3 and a hydroxyl content of 2.86 wt. %. The 
polyester is diluted with 40 wt. % styrene (60 wt. % 
polyester) and the resulting curable composition has 
SPI gel test results (RFC-180° F. ) of 6 min, 6 sec gel 
time, 10 min, 33 sec cure time and a peak exotherm of 
161° C. The resulting curable composition can be thick 
ened with MgO (2 equivalents per carboxy equivalent) 
followed by thickening with a polyisocyanate (1.4 iso 
cyanate groups per hydroxy group) to provide fast 
thickening mixtures, i.e., thickening within 60 minutes 
or less. The curable composition can be thickened with 
MgO alone, or polyisocyanate alone, or with polyisocy 
anate ?rst followed by MgO. 

Additional suitable curable polymer compositions 
contain 40 to 50 wt. % styrene and 60 to 40 wt. % of a 
polyester made from the reactants given in Table XX 
and having the properties given in said table. 

TABLE XX 
Polyester A Polyester B 

Mole Mole 

Reactants 
Propylene Glycol 4.0 4.0 
Maleic Anhydride 1.0 1.0 

5 

35 

24 
TABLE XX-continued 

Polyester A Polyester B 
Mole Mole 

lsophthalic Acid 1.0 — 
Trimellitic 1.0 1.5 
Anhydride 
PIOErties 
Acid Number 55—65 70-90 
(undiluted) 
Styrene Content 40-50 40-50 
% —OOOH (undiluted) 4.82 6.43 
% —C0Ol-1 (diluted) 2.65 3.54 

The curable compositions containing polyester A or B 
from Table XX can be thickened with MgO or a poly 
isocyanate or both. 
An additional group of suitable curable polymer com 

positions contains 40 wt. % styrene and 60 wt. % of a 
polyester made from the reactants set forth in Table 
XXI and having the properties given in said table. 

TABLE XXI 
A B D E F 

(moles) (moles) (moles) (moles) (moles) (moles) 

3291i 
p-l'lydroxy- 2 
benzoic acid 
Cordura E 2 l l l 
epoxy 
Neopentyl 2 l 
glycol 
Adipic acid 2 2 6 
Isophthalic l 1 1 
acid 
Salicylic 2 2 2 2 2 
acid 
Propylene l 2 
oxide 
3,4-Bis(dihy- l 
droxy 
phenyl)-3,4— 
hexanediol 
Ethylene 2 
oxide 
Propylene 
glycol 
Fumaric acid 1 l 1 

mm 
Acid Value 
Hydroxyl 
Value 
A.N. (40% 
styrene 
H.N. (40% 
styrene 
% —COOH 
calcd. A.N. 
% -—Ol-1 
calcd. 
RN. 

0.1 

4.5 
80 

9.5 10.96 
83 

27.2 
110 

17 
187 

18.1 
147 

2.7 7.32 16.32 10.2 10.86 6.58 

48 49.8 66 112.2 98.2 24.84 

0.36 0.76 2.19 1.37 1.45 0.88 

2.43 2.52 3.34 5.68 4.46 1.26 

The polyesters described hereinabove are disclosed in 
more detail in US. Pat. Nos. 4,331,782; 4,374,267; 
4,374,181; 4,368,222; 4,366,193; 4,365,039; 4,343,924 and 
4,343,839. These curable compositions can be thickened 
by 2 to 5 equivalents Group II A metal oxide and/or 

60 hydroxide per carboxyl group of the polyester and l to 

65 

2 equivalents H1O per carboxy group, or they can be 
thickened with 1.4 to 1.0 func. of polyisocyanate to 
polyol, or a combination of both to provide the desired 
rate of thickening rate to provide the desired viscosity. 
The aggregate used in the slump-resistant, curable 

polymer concrete compositions of this invention in 
clude sand (e.g., Ottawa sand or Best sand), gravel, 
crushed rocks or stones of quartz, granite feldspar, 
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gneiss, basalt, porphyry or small pebbles thereof or any 
other particulate material such as crushed or ground 
slag used in the manufacture of concrete or asphaltic 
structures such as highways and the like. Aggregates in 
which at least 20% by volume of the particles have a 
minimum dimension of at least 1/16 inch or greater are 
suitable for use in the compositions of this invention. 
Preferable aggregates are those in which at least 20% 
by volume of the aggregate is retained on a No. 8 sieve 
size screen (approximately 0.093 inch opening) and, 
most preferable aggregates are those in which at least 
20% by volume of the aggregate is retained on a No. 4 
sieve size screen (approximately 0.187 inch opening). 
Aggregate in which at least 20% of its particles pass 
through a 1-inch screen, preferable a i-inch screen, and 
most preferably, a 3-inch screen are suitable for use in 
this invention. Illustrative aggregate suitable for use in 
this invention is one containing 65 wt. % of ?ne aggre 
gate as de?ned in Table XXII below and 35 wt. % of a 
coarse aggregate as de?ned in Table XXIII below to 
provide the combined aggregate as de?ned in Table 
XXIV below. 

TABLE XXII 
Sieve Size % Passing 

in ‘00 
No. 4 95-100 
No. 8 65-95 
No. 16 45-80 
No. 30 25-55 
No. 50 10-35 
No. 100 2-10 
No. 200 0.5 

TABLE XXIII 
Sieve Size % Passing 

in 100 
No. 4 0-30 
No. 8 0-5 
No. 16 0 

TABLE XXIV 

Combined Aggregate 
Sieve Size % Passing 

i” 100 
No. 4 62-75 
No. 8 42-64 
No. 100 1-7 
No. 200 0-3 

A preferred aggregate conforms to the speci?cations of 
Caltrans (California Transportation Department) Sec 
tion 902.02. It is also preferred that the aggregate re 
tained on the No. 4 and No. 8 sieves, when combined, 
have a maximum of 25% by volume of crushed particles 
when tested in accordance with Caltrans Test 205 al- 7 
though aggregates having higher and lower amounts of 
crushed particles are useful in this invention. 
Another example of a combined aggregate useful in 

this invention has the following speci?cation: 

Combined Aggregate 
Sieve Size % Passing 

Q" 100 
i" 85-95 
No. 4 68-82 
No. 8 58-64 
No. 16 30-45 

10 

20 

25 

30 

35 

45 

50 

60 

65 

26 
continued 

Combined Aggregate 
Sieve Size % Passing 

No. 30 12-27 
No. 50 6-15 
No. 100 3-7 

' No. 200 0-3 

The relative amounts of aggregate and curable poly 
mer composition employed in making the polymer con 
crete compositions of this invention are not narrowly 
critical. The aggregate can be present in the amount of 
5 to 95 wt. %, preferably 5 to 90 wt. %, most preferably 
80 to 90 wt. %, based on the combined weight of aggre 
gate and curable polymer composition. The amount of 
curable polymer composition can vary from 5 to 95 wt. 
%, preferably 8 to 95 wt. %, most preferably 10 to 20 
wt. % based on the combined weight of aggregate and 
curable polymer composition. 
The following examples are presented. All numbered 

examples illustrate the present invention whereas all 
lettered examples are comparison examples. In these 
examples, unless otherwise designated, all parts and 
percentages are on a weight basis, all temperatures are 
on the Fahrenheit scale, and the following designations 
are defined as follows: 
THPA-tetrahydrophthalic anhydride. 
MA-maleic anhydride. 
NPG-neopentyl glycol. 
EG-ethylene glycol. 
DEG-—diethylene glycol. 
IPA--isophthalic acid. 
FA-fumaric acid. 
HBA-hydrogenated bisphenol A. 
PBA—propoxylated bisphenol A. 
CHP-—cumene hydroperoxide. 
MEKP-methyl ethyl ketone peroxide. 
cps-viscosity in centipoises at 25° C. using a Brook 

?eld viscosirneter. 
%—percent by weight unless otherwise speci?ed. 
pph-parts per hundred based on ethylenically unsat 

urated polymer. 
ppm-parts per million based on ethylenically unsat 

urated polymer. 
Ethylenically Unsaturated Polymer A--a mixture of 

about 38% styrene and about 62% of an unsaturated 
polyester resin made from 1 mole IPA, 1 mole MA and 
2.15 moles of DEG. The mixture has a viscosity of 
about 415 cps, a speci?c gravity of about 1.12, and an 
average acid number of 20-25 which equates to about 
1.8 to 2% carboxyl groups. 

Ethylenically Unsaturated Polymer B-a mixture of 
44% styrene and 56% of an unsaturated polyester resin 
made from 1 mole IPA, 1 mole MA and 2.15 moles 
DEG. The mixture has a viscosity of 115 cps, a speci?c 
gravity of 1.01 and an average acid number of about 20 
which corresponds to about 1.6% carboxyl groups. The 
unsaturated polyester resin has hydroxyl groups in its 
backbone and contains at least about 0.2% water. 

Ethylenically Unsaturated Polymer C-a mixture of 
45% styrene and 55% of an unsaturated polyester resin 
made from 1.1 mole propoxylated bisphenol A and 1 
mole FA. The mixture has a specific gravity of about 
1.05 to 1.07 and an average acid number of about 23 
which corresponds to about 1.85% carboxyl groups. 
The mixture contains at least 0.2% water and has hy 
droxyl groups on the polyester resin backbone. 
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Ethylenically Unsaturated Polymer D-a mixture of 
40% vinyl toluene and 60% of an unsaturated polyester 
resin made from 1.2 moles THPA, 2.8 moles MA, 2.0 
moles NPG and 2.2 moles E6. The mixture has a vis 
cosity of 500 to 550 cps and an average acid number of 
31 to 33 which corresponds to about 2.56% carboxyl 
groups. 

Ethylenically Unsaturated Polymer E-a modi?ed 
vinyl ester type styrene diluted unsaturated polyester 
prepared in accordance with Jernigan’s US. Pat. No. 
3,466,259. A vinyl ester polyester was prepared by re 
acting 6.5 lbs of B-hydroxyethyl acrylate, 5.325 lbs of 
maleic anhydride and 2.725 grams of monotertiarybutyl 
hydroquinone which serves as a polymerization inhibi 
tor for the acrylate. The temperature was raised to 80° 
C., maintained there for 30 minutes and then raised to 
115° C. and held there until the percent acid as 
—COOH was about 20.95. On cooling to 60° C., 9.5 lbs 
of a diglycidylether of 4,4’-isopropylidene diphenol 
(having an epoxide equivalent of about 175) was added 
along with 21.6 grams of DMP-30 (2,4,6-tri(dime 
thylaminomethyl) phenol. The temperature was raised 
to 110° C. and held at that temperature for such a time 
until the percent acid (as —COOH) was 0.52 percent. 
On cooling to 73° C., 2.665 lbs of maleic anhydride 
were added, the temperature was raised to 100° C. and 
the reaction allowed to digest for about 3 hours to com 
plete the reaction. At the conclusion of the reaction, the 
resin contained about 5.53 percent acid (as —COOH) 
corresponding to about a 50 percent conversion of sec 
ondary hydroxyl groups to pendant maleate half ester 
groups contained about 0.2% H20 and has some hy 
droxyl groups on its polymer backbone. This resin, after 
cooling to 60° C. , was blended with 16 lbs of styrene to 
give a ?nal composition of about 40 percent of styrene 
and 60% of the above described resin. The resulting 
mixture had a viscosity of about 400 to 500 cps and an 
acid number of about 47 to 48 which equates to a car 
boxyl group content of about 3.8%. 

Unsaturated Polyester Polymer F—(ITP-l054) The 
ITP resin systems are described in lCI America Inc. 
US. Pat. Nos. 3,859,381; 3,868,431; 3,886,229; 
4,073,828, 4,129,641 and 4,232,133. 

Unsaturated Polyester Polymer G-a mixture of 33% 
styrene and 67% of a hybrid unsaturated isopolyester 
polyol prepared by reacting one mole of IPA, 2 moles 
of MA, 1.96 moles of DEG, and 1.96 moles of E6 in the 
one-stage procedure wherein all the ingredients are 
charged simultaneously and a maximum cook tempera 
ture of 232° C. was used. This reaction mixture cooked 
to an acid number of about 4.0 based on solids. The 
controlled hydroxyl number attained was 150. The 
standard SPI gel test results were: gel time-5.0 min 
utes; cure time-7.5 minutes and the peak exotherm 
210°-2l2° C. The theoretical equivalent weight solids 
was about 337, the unsaturation/ 1000 gs solids was 
about 3.23 and the aromatics content in wt. % solids 
was 26.8. Polymer G as diluted with styrene has a vis 
cosity of 240 to 250 cps. 

Primer A-a mixture of 53% styrene and 47% of an 
unsaturated polyester resin made from 1 mole MA, 0.66 
mole HBA and 0.44 mole PBA. The mixture has a vis 
cosity of 100-200 cps, a speci?c gravity of 1 to 1.07 and 
an acid number of 8 to 10 which corresponds to 0.8 to 
1% carboxyl groups. 
Spec. A Aggregate-a combination of 50 to 65% ?ne 

aggregate and 35 to 50% coarse aggregate having the 
following grading limits: 
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Sieve Size % Passing 

in ‘00 
No. 4 62-75 
No. 8 42454 
No. 100 l-7 
No. 200 0-3 

Spec. B Aggregate-a combination of 50 to 65% ?ne 
aggregate and 35 to 50% coarse aggregate having the 
following grading limits: 

Sieve Size % Passing 

i” 100 
I" 85-95 
No. 4 68-82 
No. 8 58-64 
No. 16 30-45 
No. 30 12-27 
No. 50 6-15 
No. 100 3-7 
No. 200 0-3 

Modi?er M-a 33% dispersion of magnesium oxide 
in an unsaturated polyester resin made from a reactive 
unsaturated polyester having an acid value of less than 
10, preferably less than 5, and having a viscosity of 
10,000 to 18,000 cps. 

Polymeric MDl - 

NCO NCO NCO 

@CHZ CH2 
II 

wherein n is an integer of 0 to 7. 

EXAMPLES 1 AND A 

Dual test runs were made using ethylenically unsatu 
rated polymer A with and without modi?er M, Exam 
ples 1 and A, respectively. In each of these examples, 
4000 grams of polymer A were prepromoted with a 
small amount of a copper compound and a small amount 
of an amine derivative. To each 4000 g batch of prepro 
moted polymer A there was added l—1.5% (1.0%) by 
wt. based on polymer A of cumene hydroperoxide 
(CHP) with intensive mixing (this amounted to 40 
grams). To one batch (Example A) no Modi?er M was 
added and, to the second batch (Example 1, 4% (160 g) 
Modi?er M was added. 

EXAMPLE A 

The batch without Modi?er M (Example A) was 
prepared into a polymer/aggregate overlay mix by 
placing the polymer/catalyst batch into a modified 
mortar mixer and mixing thoroughly with 16,000 grams 
of the Spec. A aggregate with a shearing action to pro 
duce temperatures of 100°-120° F. This gave a 20% 

MDI - 
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polymer-80% aggregate. concrete overlay. After shear 
mixing for about 10 minutes the wet-out and dispersion 
of the aggregate being complete, the resulting polymer 
aggregate mix was transferred and deposited on the 
surface of a previously primed (with Primer A) one foot 
wide by eight foot long (1’ X8’) concrete slab. The 
polymer-aggregate concrete overlay was was spread 
over the surface of the slab and tamped to a smooth, 
porosity-free consistency and a thickness of about 1 to 2 
inch. The resulting overlay showed some polymer rich 
ness on the surface and some tendency to flow under 
very minimum pressures of tamping and rolling. The 
resulting overlay had a tendency to adhere or stick to 
the tamper or roller during ?nal application. The over 
lay gelled within 60-120 minutes after application to the 
slab and cured into a hard overlay within 4-8 hours. 

EXAMPLE 1 

To the second batch of prepromoted, catalyzed poly 
mer A there was added about 4% or 160 grams of Modi 
?er M, MgO solution. This was combined with the 
prepromoted, catalyzed polymer A at about 90' F. with 
intensive mixing for about 5 to 10 minutes. The resulting 
thickening mix was transferred to the high shear, modi 

20 

?ed mortar mixer and combined with 16,000 grams of 25 
the Spec. A aggregate with high shear mixing that gen 
erated a temperature about 120° F. Good wetting of the 
aggregate mix was noted after about 10 minutes and 
some thickening of the mix was observed. This thick 
ened, low slump polymer concrete/aggregate mix was 
transferred and deposited to the surface of a primed 
(with Primer A) one foot by eight foot (1' X 8') concrete 
slab. Continued thickening of the mix was noted to be 
substantial after about 20-30 minutes. This gave a 20/80 
polymer/aggregate overlay composition. The continu 
ally thickening, polymer-aggregate mix was rolled with 
a 25 lb roller by hand and tamped with a weighted steel 
bar to a L" to 3" thick polymer-aggregate overlay 
within about 30 minutes. The thickening action mini 
mized or eliminated the sticking or adhesion of the 
overlay to the roller and tamper. The surface showed 
no polymer richness and gave a uniform, porosity-free 
(no air entrapment) overlay with good skid resistance 
on curing. This mixture gelled within 60 to 120 minutes 
after application to the slab and cured within 4 to 8 
hours to a hard surface. Both the non-thickened (Exam 
ple A) and the thickened (Example 1) overlays exhib 
ited good adhesion, no debonding at the interfaces with 
the concrete slab, and good skid-resistance. The over 
layed slabs when submitted to ASTM and FHWA wa 
ter, water-salt (CaClg) solution and freeze-thaw cycling 
tests showed no adverse effects. 

This run (Example 1) indicates that the thickened 
overlay system of this invention can be handled by the 
in-line metering and pumping systems utilized with a 
mobile modi?ed concrete mixer which is used for an 
unthickened standard commercial run with an unthick 
ened polymer A-aggregate overlay performed on a 
portion of the Donner Pass (I-80) in California. The use 

~ of unthickened polymer A-aggregate overlay using 
primer A on the concrete roadway was proven to be the 
most effective resin system to be used on the California 
Donner Pass projects and did not fail as compared to 
others. The thickened low slump character of the poly 
mer A-aggregate overlays of this invention can be uti 
lized to vary the polymer~aggregate ratio to various 
degrees without observing settling of the aggregate, 
separation of or migration to the surface of the polymer, 
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and to enhance uniform retention of aggregate through 
out the overlay. 

EXAMPLES 2 AND B 

Dual test runs were made using ethylenically unsatu 
rated polymer B with and without Modi?er M, Exam 
ples 2 and B, respectively. In each of these examples, 
4000 grams of polymer B were prepromoted with a 
small amount of a copper compound and a small amount 
of an amine derivative. To each 4000 g batch of prepro 
moted polymer B was added about 1.5% CHP (60 g) 
based on the weight of polymer B and the resulting 
batch was subjected to intensive mixing for about 1 
minutes. To one batch (Example B), no modi?er was 
added and, to the second batch (Example 2), 4% (160 g) 
Modi?er M was added. 

EXAMPLE B 

The batch without Modi?er M was prepared into a 
polymer/aggregate overlay composition by mixing the 
4000 g batch of polymer B catalyst with 16,000 g of 
Spec. A aggregate into a modified mortar mixer. The 
high shearing action in the mortar mixer generated 
temperatures of l00°—l20° F. After shear mixing for 
about 10 minutes the wet-out of the aggregate was com 
plete and the resulting polymer concrete/aggregate mix 
was deposited onto the surface of a previously primed 
(with Primer A) one footXeight foot (l’X8’) long con 
crete slab. The polymer concrete/aggregate overlay 
mix was spread over the surface of the slab and tamped 
and rolled into a smooth, porosity-free (free of air en 
trapment) consistency to an overlay thickness of i to i 
inch. The resulting overlay showed some surface poly 
mer richness, some aggregate settling and some ten 
dency to ?ow freely under very minimum pressures of 
rolling and tamping. The overlay gelled within 60 to 
120 minutes after application to the slab and cured into 
a hard overlay within 4 to 8 hours. 

EXAMPLE 2 

To the second batch of prepromoted, catalyzed poly 
mer B there was added 4% or 160 grams of Modi?er M 
thickener. This was combined with the prepromoted, 
catalyzed polymer B at about 90'—l00' F. with intensive 
mixing for about 5 to 10 minutes. The resulting thicken 
ing mix was transferred to the high shear, modi?ed 
mortar mixer and combined with 16,000 grams of the 
Spec. A aggregate with high shear mixing that gener 
ated a temperature of about 120' F. After about 10 
minutes of mixing excellent wet-out of aggregate was 
noted and thickening of the mix was observed to taking 
place. This thickening, low-slump polymer con 
crete/aggregate mix was transferred onto the surface of 
a previously primed (with Primer A) one by eight foot 
(l'X8’) ong concrete slab. The thickening polymer 
concrete/aggregate mix was rolled with a 25 lb roller 
and tamped with a steel bar into a 1 to 2 inch thick 
polymer concrete overlay within 30 minutes. As the 
system thickened, no tendency to adhere or stick to the 
roller or tamper was noted. The overlay surface 
showed no polymer richness, nor was there any aggre 
gate settling. The overlay mixture gave a porosity-free 
(no voids) (no air entrapment) surface with good and 
unform aggregate dispersion. This overlay mixture 
gelled within 60 to 120 minutes after application to the 
slab and cured within 4 to 8 hours to a hard surface with 
good skid-resistance. Both the standard “non-thick 
ened” and the standard “thickened” overlays exhibited 
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good adhesion, no debonding, no cracking, no delami 
nation and good skid-resistance. The slabs when submit 
ted to ASTM and FHWA tests for water immersion, 
water-salt (10% CaCl-z) solutions, permeability, and 
freeze-thaw cycling showed no adverse effects. On 
hammering to break the overlay the break occurs in the 
concrete slab and not in the overlay or overlay/slab 
primed surface interface. ' 
Example 2 also shows that the “thickened” modi?ed 

overlay system of this invention can be delivered to a 
highway surface by in-line metering and pumping sys 
tems included in the mobile concrete mixer as was used 
for an “unthickened” standard commercial run made 
with an unthickened polymer A/aggregate overlay on 
the Donner Pass Highway 1-80 project as described in 
Example 1 above. The “thickened” low slump charac 
ter of the polymer/aggregate mix of Example 2 can be 
utilized to vary the polymer/aggregate ratios, to in 
clude other types of aggregates, ?llers, hollow sphere, 
etc., to do this at various extremes of resin/?ller ratios 
without seeing settling of aggregate or ?llers, without 
separation or migration of polymer, and with uniform 
retention of aggregate dispersion throughout the over~ 
lay. 

EXAMPLE 3 

To 2000 grams of polymer C prepromoted with a 
small amount of a copper compound and a small amount 
of an amine derivative was added 1% of CHP or 20 
grams. The resulting mixture was combined very rap 
idly and thoroughly with a high intensity mixer operat 
ing at about 500 rpm. To the mix at about 100‘ F. was 
added 4% (80 g) of Modi?er M and mixed at 500 rpm 
for 3 minutes. This catalyzed, prepromoted, thickening 
resin mixture was transferred to a modi?ed mortar 
mixer and 8000 g of Spec. A aggregate was added and 
mixed with high shear, heat generating mixing. This 
polymer/aggregate mix was sheared by 10 minutes 
reaching a temperature of greater than 120° F. The 
resulting overlay mixture in its “thickening” form was 
dropped onto the surface of a pre-primed (with Primer 
A) concrete slab, 2x2 feet square. The aggregate/ 
polymer mix had thickened to a no ?ow, low slump 
condition, almost tack free to the touch within 30 min 
utes. This thickened polymer/aggregate mix was then 
rolled with a 25 lb roller (cylindrical) on the primed 
concrete surface and tamped into a smooth, uniform, air 
free, void free surface about i to 5* inch thick and taper 
ing to about 1 inch thickness at the edges of the slab. No 
polymer rich areas, polymer migration or aggregate 
settling was observed. The overlay was observed to gel 
within 45 minutes after application to the slab at 80°-90' 
F. and cured to a solid polymer concrete within 4 hours. 
The overlay was allowed to continue its cure for 24 
hours. The overlayed concrete slab had excellent bond 
ing characteristics, no cracking, no shrinking and had 
superior abrasion resistance. This overlayed slab was 
placed in a section of a walk and subjected to normal 
walking traf?c along with exposure to salt treatment 
(CaCh) and ‘freeze-thaw conditions for 2 years in a 
southwestern Pennsylvania weather environment with 
out showing any wear, cracking, debonding, delaminat 
ing or chemical breakdown. The surface also exhibited 
excellent skid and slip resistance. 

EXAMPLE 4 

To 2000 grams of the polymer D prepromoted with a 
small amount of a copper compound and a small amount 
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of an amine derivative was added 1.0% (20 g) of CHP 
catalyst. The mixture was sheared rapidly with a high 
intensity mixer at 500-750 rpm. To this mixture was 
added 6% (120 g) of Modi?er M based on the resin and 
at a temperature of 90°—l00° F. On addition to the pre 
promoted, precatalyzed polymer D the thickener was 
mixed very rapidly into the mix for 3 minutes at 500 to 
750 rpm. The catalyzed, “thickening” polymer D mix 
was transferred to a mortar mixer and 8000 g of Spec. A 
aggregate was added to the resin mix with high shear 
mixing. The resulting mixture was sheared for 10 min 
utes reaching a temperature of 120° F. The resulting 
mixture in its “thickening” form was then transferred 
from the mixer and applied to the surface of a pre 
primed (with Primer A) concrete slab, 2X2 feet square. 
The polymer/aggregate mix had thickened to a no 
?ow, low slump condition within 20 minutes. The re 
sulting "thickened” polymer D/aggregate mix was then 
rolled with a small 25 lb roller (cylindrical steel) to the 
primed surface and worked into a smooth, porosity 
free, air and void free surface with tamping by a steel 
bar tamper. No resin migration to the surface or ex 
treme aggregate settling was noted as compared to 
“non-thickened” standard mixes. The mix was rolled 
and tamped to a thickness of i to 2 inches. Very little 
sticking to the roller or tamper was noted with the 
resulting thickened overlay. The resulting overlay was 
observed to gel within 60 minutes after application to 
the slab at 80' F. and cured to a solid polymer concrete 
within 4 to 8 hours. The overlay on the slab was al 
lowed to continue to cure for 24 hours and it exhibited 
excellent bonding to the concrete slab with no shrinking 
or cracking of the overlay. The overlay exhibited good 
abrasion and skid resistance. This overlayed concrete 
slab was placed in a section of a walkway and subjected 
to the environment of western Pennsylvania and normal 
walking traf?c for over 2 years showing little or no 
wear and no debonding, delarnination, shrinking or 
cracking. This slat had also been subjected to the use of 
calcium chloride (CaClg) for eliminating icing condi 
tions during winter with no adverse effects. 

EXAMPLE 5 

To 2000 grams of polymer E prepromoted with a 
small amount of a copper compound and a small amount 
of an amine derivative there was added 1% (20 g) of the 
catalyst CHP. The catalyst was mixed very rapidly into 
the polymer with a high intensity mixer for about 1 
minute. The resulting mixture was warmed to about 
110° F. and about 8% (160 g) based on polymer of 
Modi?er M (53 g of active MgO) was added with vigor 
ous high speed mixing at 500 to 700 rpm for 3 minutes. 
To the thickener-modi?ed mix was added 8000 grams of 
the Spec. A aggregate with high shear, heat-generating 
mixing. The shearing was completed within 5 to 8 min 
utes and the “thickened” mix was dumped onto and 
applied to 2'X2' and 1'X4' concrete slabs (previously 
primed with Primer A). The “thickening” mixture ad 
vanced to a low slump, no ?ow viscosity within 15 to 30 
minutes. The “thickened” polymer concrete overlay 
mix was rolled to the desired thickness with a small 25 
lb steel cylindrical hand roller to i to i inch thickness 
with tamping by a steel bar and tapering to 3/16 inch 
along edges of the slabs. The “thickened” mix did not 
adhere to the surface of the roller and tamper. A 
smooth, non-resin rich surface overlay was produced, 
showing no resin rich surface due to resin migration nor 
did it show any aggregate settling but gave a uniformly 
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aggregate dispersed overly. This overlay gelled within 
60 to 75 minutes and cured to a bonded, non-cracking, 
non-shrinking overlay within 8 hours with good surface 
skid resistance. These overlayed concrete slabs were 
placed in a walkway and subjected to traf?c and the 
weather of western Pennsylvania. This included water 
immersion, water-salt (CaClg) solution and thermal 
cycling (freeze-thaw) of the area' environment No de 
lamination, debonding, cracking, shrinking or chemical 
breakdown were noted after 1 to 2 years exposure. 

EXAMPLE 6 

To 1M0 g of polymer E prepromoted with a cobalt 
and/or amine type accelerator are added 12 g of an 
ethoxylated ethylene diamine (6-790) and 6 g of dibu 
tyltin dilaurate and mixed for 1 to 2 minutes. To the 
resulting mixture there is added 10 to 15 g of CHP 
followed by mixing for 1 minute. Thereafter, 91 g of 
polymeric MDI (lCI-Rubinate M) having a viscosity of 
200 to 250 cps, an isocyanate equivalence of 134 and a 
% NCO content of 31.5 to 32, is added. The mixture is 
stirred with vigorous shearing for 1 to 2 minutes and 
4600 grams of Spec. A aggregate is added with rapid 
shearing in a Littleford mixer for 2 to 3 minutes. 
“Thickening” is noted almost immediately on addition 
of the thickener. The above procedure was repeated the 
seond time with the MDI being added after the addition 
of the 4600 grams of Spec. A aggregate. After 2 to 3 
minutes mixing, the overlay mix was dumped onto pre 
viously primed (with Primer A) concrete surfaces of 
2'X2’ and 2'X3' square concrete slabs (2" thick). The 

' product was allowed to “thicken” for 5 minutes and 
was then rolled with a 25 and 50 lb cylindrical steel 
roller and tamped with a square steel bar to a 0.5 to 0.75 
inch thickness overlay. This polymer concrete/aggre 
gate overlay was “thickening” at the following rates: 

Time of measurement Viscosity, cps 

30 to 60 seconds after MDI added > "11000 
2 minutes after MDI added 11.2 X 106 
6 minutes after MDI added 12.8 >< 106 
30-60 minutes after MDI added completely tack free 

This polymer/aggregate overlay catalyzed, prepro 
moted, "thickened” overlay gelled in 60 to 120 minutes 
after application to the slab and cured to a hard surface 
within 8 hours and produced a cured, skid resistant 
surface with no evidence of resin-to-surface migration 
and provided a uniform dispersion of aggregate that 
could accommodate and support traf?c within 24 hours 
after application. 

EXAMPLE 7 

To 1000 grams of the prepromoted, catalyzed poly 
mer E prepared as described in Example 6 there was 
added a mixture of 3680 g of Spec. A aggregate and 920 
g of calcium carbonate ?ller (CameLWite). The result 
ing mix was sheared in a Littleford type mixer for 3 
minutes to insure thorough wet-out of the aggregate/ 
?ller and then 91 grams of the polymeric MDI isocya~ 
nate thickener described in Example 6 is added into the 
Littleford type mixer and mixed with vigorous shearing 
for 2 minutes The contents were then dumped onto the 
surface of a previously primed (with Primer A) con 
crete slab as was done in Example 6 above. Again, very 
rapid “thickening” was noted and after 5 minutes the 
mixture displayed a no-flow, low slump, almost tack 
free surface consistency as it was rolled with a 50 lb 
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cylindrical steel roller and tamped with a 25 lb steel bar 
to a uniform thickness of 0.5 to 0.75 inch, into an over 
‘lay form free of resin rich surface, voids, and air entrap 
ment and which had a uniform aggregate dispersion. 
The same approximate thickening rates were noted as in 
Example 6 above. The rolled overlay surface gelled 
within 60 to 120 minutes after application to the slab and 
cured into a hard surface within 8 hours. After 24 hours 
curing the surface could take traffic and exhibited excel 
lent skid resistance. 
Examples 6 and 7 can be varied in the relative 

amounts of polymer, aggregate, ?ller and thickener 
used and can be employed using in-line metering, pump 
ing and aggregate conveyance means employed for 
resurfacing highways. 

EXAMPLE 8 

Into a Littleford high intensity mixer was added 1580 
g of polymer G prepromoted with cobalt and/or amine 
accelerators. Also added was 20 g of CHP which was 
mixed with polymer G for 1 minute at high shear 
speeds. To the resulting mixture was added 420 g of 
modi?ed MDI (Upjohn lsonate l43L-MDI modi?ed 
with a minor amount of polycarbodiimide adducts) 
having a viscosity of 35 cps, an isocyanate equivalent of 
144.9 and a wt. % NCO content of 29 and the resulting 
mixture was mixed for 2 minutes. To the resulting mix 
ture was added 8000 g of Spec. A aggregate and was 
mixed by a shearing action for 8 to 10 minutes. Notice 
able thickening occurs with a generation of heat. The 
mixture was dumped onto the surface of previously 
primed (with Primer A) concrete blocks measuring 
2'X2'X2" and 2'><3'X2" in size. The mixture was al 
lowed to “thicken” for 15 to 30 minutes to a very low 
slump, high viscosity, non-?owing, almost tack free 
consistency and then rolled with a 25 lb cylindrical steel 
roller to thicknesses of 0.5 to 0.75 inch on the block 
surface and tamped free of air and voids, giving a non 
tacky, free from resin rich surface with good uniform 
dispersion of aggregate. The system gelled within 60 to 
120 minutes after application to the block and cured to 
a hard surface within 8 hours, becoming fully cured in 
24 hours at which time it could support traffic. The 
surface was crack-free, did not shrink did not debond or 
delaminate and had good skid resistance. 
The viscosity measurements on the thickened resin 

mix were as follows: 
5 minutes after addition of MDI> 150,000 cps 
15 minutes after addition of MDI>500,000 cps 
30 minutes after addition of MDI> 1,000,000 cps 
60 minutes after addition of MDI> 10,000,000 cps 
24 hours after addition of MDI>40,000,000 cps 

EXAMPLE 9 

Into a Littleford mixer was added 1100 grams of 
polymer G, 500 grams of polystyrene solution (25% 
polystyrene in styrene), 100 grams microthene type 
polyethylene powder, 30% of CHP. The resulting mix 
ture was shear blended at high speeds for about 2 min 
utes to give a uniform mix. To this mixture was added 
300 grams of the isocyanate chemically reactive thick 
ener Isonate l43L described in Example 8. The result 
ing mixture was sheared for 2 to 3 minutes and a sample 
retained for viscosity measurement studies. To this mix 
ture was added 8000 grams of Spec. A aggregate and 
the resulting mix was shear mixed for about 10 minutes. 
The mixing generated heat and “thickening” was ob 






